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INTRODUCTION 


rst  was  reported  by  Bateson  ar 


They  relied  on  inspection  to  determine  the  closeness  of  fit  between 


d values.  The  phenomenon  of  linkage  was  thought 
24)  made  use  of  Vule's  coefficient  Df 


association  for  determination  of  linkage  intensities,  yule's 
coefficient  is  a direct  method  of  compering  the  degree  of  relationship 
that  exists  between  any  two  characters  by  coefficient  of  correlation. 


s (genes).  Bridges  C 


yule's  coefficient  of  association  was  the  most  satisfactory  method  to 
repulsion  and  coupling  data  and  the  calculation  of  probahle  error  were 


were  directly  calculated  from  a dlhybrld  distribution  , 


* was  a duplicate  gene  system.  Starting  with 

•n  efficiency  with  the  maximum  likelihood 
method,  which  is  the  accepted  standard  for  fudging  efficiency  of  other 
formulas.  The  product  moment  method  is  the  least  affected  by 
differential  mortality  of  the  sygote  or  gametes  and  has  the  smallest 


The  r and  goodnt 


.ch  was  satisfactory  for  all  ordinary  linkage 
problems,  reviewed  several  methods  of  linkage  cl 


product  method  for  Fj  coupling  data  i! 


at  close  linkages.  This  is  mainly  due  to 


.o  provide  a single 


Allard  (1956)  simplified  the  use  of  the  maximum  likelihood  method 


possibility  exists  thet  Oc  could  be  situated  to  the  left  of  R. 
m»  which  were  factors  for  seed  mottling.  He  stated  that  c-c  and  H- 
and  H loci.  Later  Fsenstra  (Yarnell.  1965)  reported  that  C and  M was 


supplementary  gene  for  pod  membrane)  Ea,  ea  - alleles  for  round  and 
flat  pods,  respectively)  Da  - allele  for  straight  pods.  Linhage 


described  as  lighter 


The  V • Te  * Miv  linkage  group  was  established  by  Laraprecht 
5-6  cm  and  produced  a narrowing  of  pod  width  (Lamprecht,  1952).  H 
funicles.  Recombinational  distances  were  V - Te,  p » 32.2  units; 

of  the  testa  radiating  from  the  caruncula.  expression  in 
te  hetorozygote  is  less  distinct,  which  indicates  incomplete 


o«  other  genes,  vis.  Sea, 


Linkage  between  genes  controlling  tolerance  to  Xanthomonas 
phaseoli.  common  bean  blight,  and  genes  controlling  delayed  flowering 


ys  to  flowering  in  French  bean  (Freire-F: 


Resistance  to  Sclerotinia 


maturity  (Coyne 


Phaseolus  vulgaris  L.  is  a highly  self-pollinated  species  due  t 
chasraogamy  (Weinstein,  1926),  proximity  of  anthers  and  stigma  during 


m taking  place  in  about  a or  9 hours  after  pollination. 
Weinstein  reported  that  the  rapidity  of  the  fertilization  process 
following  pollination  may  be  dependent  to  a considerable  extent  on 


dehiscence  end  stigma  receptivity  wj 


Although  beans  are  reported  to  be  highly  self-pollinating, 

as  10%  or  more.  In  Nebraska,  Emerson  (1916a)  observed  the  rate  of 

contrast,  Kristof ferson  (1921)  deliberately  tested  for  the  percentage 

observed  an  average  of  1.06%  outcrossing,  with  shell  beans  showing  a 
high  outcrossing  rate  of  17.7%.  He  noted  varietal  differences  in  the 


it  King  City,  California,  where  field 


Varietal  differences  are  known  to  influence  the  potential  degree 
of  outcrossing  in  beans.  Barrens  I193B)  concluded  that  the  degree  of 

the  case  of  Alabama  No.  1 and  Alabama  No.  18.  Tucker  and  Harding 
(1975)  reported  estimates  for  outcrossing  ranging  from  a minimum  of  0 


i 'Tendergreen'  flowers  revealed  49  atypical 
Atypical  flowers  were  incompletely  developed 


Characters  si 


test  to  either  a 3:1  or  15:3,  normal : mutant  ratio.  Probability  values 
for  (P>  were  determined  using  a programmable  calculator. 


for  the  selected  mutants  revealed  that  all  wer 


Trifoliolate  leaves  ol  dqs  are  smaller  than  those  of  1-1404,  with  an 
31.  The  leaves  of  dqs  are  more  responsive  to  light  than  are  leaves  of 


tent.  Dr.  J.  R.  Baggett 


•BOR*.  The  Mj  parent  was  exposed  to  75r  of  gamma  rays  daily  for  80 
days.  The  wrinkled  leaf  mutant  was  controlled  by  a single  recessive 
gene.  Expression  was  in  the  primary  and  trifoliolate  leaves  which  he 

were  darker  green  and  generally  smaller  than  normal.  Histological 


was  found  in  the  population  after  the  cultivar  Royal  Red  had  been 
point  to  the  probability  that  dark  green  savoy,  wrinkled  leaf,  and 


with  chloroplasts,  they  inferred  tl 


It  can  be  speculated  that  this  mutant  phenotype  ml 
potential  not  only  as  a genetic  marker  (Moh.  1968)  for 
studies,  but  also  for  improving  yield  potential.  Hottc 


efficient  thi 


mal  leaves  in  assimilating  photosynthates.  They 

)n  providing  better  photosynthetic  activity  over  all  leaves. 
Although  the  yields  for  glossy  are  lower  than  for  normal  plants  at 
equal  plant  spacing,  it  was  suggested  that  compensation  could  be  made 

assimilation  rate  remained  the  same  under  these  conditions,  increased 
yield  is  potentially  possible  if  glossy  is  utilised  in  breeding 

Stipelless  Lanceolate  Leaf  (si) 


lanceolate  form  with  loss  of  stipels  from  the  rachis 
leaflet  (Figure  3-3).  Trifoliolate  leaves  produced  i 
5 i 2 had  reduced  but  distinct  pulvinus  regions  with 

leaflets  of  nodes  522  and  above  had  highly  reduced  pulvinus  regions 

Leaflets  of  si  lacked  phototrophic  movement  to  align  the  leaflet 
blades  for  maximum  light  interception.  The  proximal  end  of  the  leaf 
blade  is  normally  held  parallel  to  the  ground  which  causes  the  distal 
end  to  droop  downward,  possibly  resulting  in  lower  photosyntbetic 
activity.  Terminal  leaflets  were  observed  hanging  on  to  the  petioles 


pulvinus 


lateral  leaflets  of  the  trifoliolate  leaves  (Figure  3-4A  and  3-4B). 
The  round  leaf  mutant  is  an  excellent  marker  although  positive 
identification  can  only  be  made  by  observations  of  the  first 


trifoliolate  leaf.  The  primary  leaves  sometimes  express  the  rounded 
apexes.  Expression  of  the  rounded  apex  always  occurs  in  the  lateral 


leaflet  is  fully  expanded  does  cupping  occur  with  chlorophyll 
deficiency  patterns  similar  to  those  produced  by  manganese  deficiency 


dia.  poor  pod  set  resulted  when  die  was 


morphology,  Adequate  seed  set  from  self-pollinated  flowers 


observed.  A possible  explanation  is  that  the  style  of  the  dia  mutant 
is  more  brittle  than  that  of  7-1404  and  is  easily  damaged  during 
emasculation.  Small  hairline  crachs  were  observed  in  the  styles  of 


.1  emasculated  dia  fj 


mutant  is  classified  as  a chlorophyll  mutant  because  its 
uniformly  pale  yellow.  The  phenotype  is  clear  after 
aves  are  fully  expanded.  Inheritance  may  be  conditioned 


so 


is  normally  under  glass,  indicating 


it  deviated  from  a 


sunlight. 
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phase  cross  of  rnd  with  si  resulted  in  9. at 
the  coupling  phase  test  (Table  4-2).  Combining  coupling  and  repulsion 


round  leaf  revealed  a linkage  of  34. 3t  from  P2  repulsion  data  (Table 
4-4).  Coupling  data  involving  2666  P2  plants  revealed  a linkage  value 
of  29.3%  recombination  (Table  4-4).  Combining  the  repulsion  and 
coupling  data  sets  gave  an  estimated  linkage  value  of  30.39  (Table  4- 
4).  The  test  for  homogeneity  indicated  an  inconsistency  between  the 


Prom  the  linkage  o!  dqs  with  ^ it  can  be  determined  that  dqs 
and  rnd  are  located  in  Lamprecht's  linkage  group  Vll  [Figure  4-3A 
Figure  4-3B  is  a map  of  the  jr,  dqs.  si,  rnd  linkage  group.  The 


e d£s  - si  - rnd  linkage  gi 


distances  are  consistent.  It  is  clear  that  dgs,  sl^  and  rnd  can  be 
combined  with  cav,  te,  miv  and  P to  form  a single  linkage  group. 


aligned  in  Figures  4-3B  and  4-3C  the  j 
can  be  estimated.  If  ds  is  located  to  the  left  of  rnd,  ds  align) 
te  of  Lamprechts'  map.  This  relationship  provides  interesting 


Genetic  male  sterility  is  usually  controlled  by  a recessive  gene,  and 
considerable  time  is  needed  to  locate  male  sterile  plants  in 
segregating  populations.  The  classification  must  be  done  during  the  1 

outcrossing  population  from  which  seed  will  be  harvested  only  from 


A major  problem  of  genic  male  sterility  or  indehiacent  anthers  is 
great  labor  required  for  identification  of  steriles  or  indehiscent 


on.  Such  identification  : 
r sterility)  is  to  be  adv< 


is  accomplished  by  staining  the 


is  to  determine  pollen  viability. 


viable  (capable  of  fertilizing  an  ovule).  Results  of  this 
indicate  whether  pollen  abortion  is  responsible  for 


difficulties  involved. 

Preliminary  observations  of  the  absence  of  pollen  on  the 
stigmatic  surface  (or  complete  indehiscence)  of  some  do  flowers  in  the 


dehiscence  as  Che  cause  for  outcrossing  under  field  conditions, 
led  to  a series  of  experiments  described  below  in 

irly  intervals  for  several  hours  to  test  the  hypothesis  of 

greenhouses  or  portable  screen  cages  to  prevent  insect  pollination. 

All  pollinations  were  done  in  the  following  manner.  Open  flowers  from 
do  plants  were  manually  pollinated  without  emasculation  with  pollen  of 
■Sprite'  or  7-1404  and  labeled  with  the  time  and  data  of  pollination. 

manual  pollinations  for  20  minutes  at  hourly  intervals  ui 


Speedling  trays  by 

Seven  do  plants  on  7-1404  background  were  grown  in  15  cm  p 
vegetable  plug  mix  medium.  Standard  cultural  practices  were  fo 
according  to  Florida  conditions.  Seeds  were  planted  December  2 


began  on  February 


pollinated  with  'Sprite*  pollen  between  0800  HR  and  0900  HR. 


Horticultural  Unit  with  2S  plants  each.  The  first  planting  tField 
Experiment  1)  was  made  in  early  April  and  the  second  {Field  Experiment 


described  for  the  greenhouse.  Anthesis  began 
open  flowers  were  pollinated  starting  at  0730 


effects  such  as  rain,  would  ret 
limiting  bee  activity  during  tl 


e average  population  density  of 
t time  of  pollination.  Environmental 

I have  reduced  the  population  of  bumble 


Experiments  to  determine  the  mechanism  involved  in  outcrossing  o 
acetocarmine  resulted  in  90  - 96%  pollen  stainability,  based  on  3 to  ■ 

pollen  sterility  as  the  cause  of  outcrossing  of  do  plants. 

le  number  of  pods  set  or  period  of  ti 


necessary  for  full  pod 


n compared  to  unprotected 


sterility  nor  any  other 
incompatibility  is  elimi 


mated  as  a possible  factor. 


The  frequency  of  outcrossing  observed  in  do  plants  was  similar  to 
from  30  to  70%  (Miranda  and  Evans,  1973*  Smartt,  1976).  Although  the 


at  flower  opening  for  P^  vulgaris;  thus  it  is  highly  self -pollinated 
due  to  cleistogamy.  If  anther  dehiscence  was  delayed  for  some  time 

February  (Table  5-4).  This  indicates  that  significant  hybridization 


od  revoaled  cross-pollination  of  86»  at  0730  I 


IP  revealed  significant  numbers  o: 


outcrossing  of  do,  a second  field  planting  was  initiated.  Significant 


reported  high  temperature  may  be  an  important  variable  in  the  rap 
pollination  due  to  rapidity  of  pollen  tube  growth  after  selfing  wl 


Greenhouse  experiment  2.  Manual  pollination  experiments  done  in 


tested,  nearly  all  the  open  flowers  had  anthers  that  dehisced  pollen 
(Table  5-9).  Despite  this  fact,  significant  cross-pollination  was 
observed.  Weinstein  (1926)  reported  that  the  time  from  pollination  to 
fertilisation  was  B to  9 hours.  Free  (1970)  suggested  that  pollen 
tubes  of  foreign  pollen  grow  more  quickly  than  those  of  self-pollen) 


otherwise  there  would  be  no  outcrossing. 


for  the  high  rate  of  observed  cross-pollination,  despite  the  high 


*The  manually  applied  pollen  was  from  plantshomoaygous  f( 


period  and  higher  overall  average  t 

selected  for  dwarf  plant  habit.  All  7 original  «2  plants  possessed 
ible  5-2).  Preliminary  data  of  do  plant 

Further  tests  are  needed  to  establish  whether  tin 


pleiotropic  or  closely  1: 


r reported  by  Wyatt  (1982).  Flowers  of  anthi 
protected  from  pollinators  will  not  set  podi 

com  which  the  anther  can  normally  dehisce.  ' 


Delay  of  anther  dehiscence  was 
pollination  of  up  to  561  (highest  a1 


outcrossing  plants  a matter  of  identifying  the  dwarf  phenotype.  In 
manual  pollination  studies,  up  to  B6t  cross-pollination  was  obtained, 
and  significant  cross-pollination  was  still  occurring  at  mid- 


involving  5 mutant  characters  were  discovered.  Bound  leaf  Irnd). 
the  yellow  wax  locus,  thereby  tying  the  dgs  - ta  - rnd  linkage 


3D  FOR  MODE  OF  INHERITANCE  B[ 
DIALLED  TESTING  OF  LINKAGE  DUE  TO  DIFFICULTIES  IN  I 
INHERITANCE  AND  CLASSIFICATION  OF  THE  MUTANT  IN  SEC 


APPENDIX 


B — CONTINUED 


MUTM1T  X MUTANT  CROSSES  (REPULSION  PHASE  TEST)  THAT  INDICATE  SIGNIFICANT 
DEVIATIONS  FROM  EXPECTED  RATIOS,  BUT  GIVE  NONSENSE  VALUES  FOR  LINKAGE 
ESTIMATES  INDICATING  DISTURBANCES  IN  THE  OBSERVED  RATIOS. 
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